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More than 20 years ago, Fried' described a Scottish family (here referred to as family J) with X linked mental retardation or hydrocephalus or both. There were five mentally retarded males in one generation and a sixth affected male (who had died) in a previous generation. The degree of mental retardation varied from moderate to severe and there were two cases of hydrocephalus, one suspected to be the result of aqueductal stenosis. All affected males had delayed motor development and difficulty in walking as adults. At the time of this initial description DNA analysis was not possible, and from 1973 to 1993 the family remained uninvestigated. However, Fried' s description of the affected males in this family, with mental retardation, hydrocephalus, and spasticity, later suggested strong similarities to MASA syndrome2 (mental retardation, aphasia, shuffling gait, adducted thumbs). In this condition, ventricular dilatation and spasticity are also present, as in family J. MASA syndrome was later localised by linkage to Xq28,3 and eventually shown to be allelic to X linked hydrocephalus (HSAS), both conditions resulting from mutations in the neural cell adhesion molecule LI CAM. 4 Despite a suggestion by Fried and (fig 2A, B) . By the age of 31 The three cases described all had a normal 46,XY karyotype and had been found to be cytogenetically negative for the Xq27.3 fragile site (FRAXA).
There were also five affected males who had died in this family.
(1) II.5 (II.3 in Fried').
(2) III. 1 The phenotype of the affected males, therefore, appears to be moderate to severe mental retardation with ventricular dilatation, and in survivors a progressive spastic diplegia (this is not dissimilar to the MASA phenotype). Wasting of the small muscles of the hand was also apparent in two of the three living affected males. The facial dysmorphism is mild; III.26 (fig 2A, B) has a long face with long ears and coarse facial features; some felt he resembled males with fragile X syndrome. Although increased OFC was present in infancy in the two males reported to have had hydrocephalus, the other mentally retarded males had normal head circumferences. Of the two males who had recent investigations (CT scan and x ray) both had marked calcification of the basal ganglia, and III.26 had enlarged lateral ventricles.
None of the obligate carrier females was known to have any manifestations of the disorder and all were of normal intelligence.
DNA was obtained from subjects marked with a cross (fig 1) . Initially, because of the suggested diagnosis of MASA syndrome, linkage analysis using markers in Xq28 in the region of L1 CAM was undertaken. When linkage to Xq28 was excluded, other regions of the X chromosome were screened using microsatellite markers. The sources for the markers used (microsatellite repeats except where specified) were analysis, mutation rates were set at zero and genetic distances were converted to recombination fractions using the Kosambi mapping 
